greater detail, the connections / windows (arrows) that are formed. We also tested whether there might be redundancy with two additional Nanos genes, nos-1 and nos-2. However, the nos-1(gv5)nos-2(ok230)nos-3(oz231);mpk-1(ga117) quadruple null mutant displayed the same phenotype as the nos-3(oz231);mpk-1(ga117) mutant indicating that incomplete restoration of the plasma membranes is not due to redundancy among Nanos paralogs (data not shown). 
stained for Anillin (green) to visualize the internal rachis. DAPI staining (blue) shows nuclear 3 morphology. Anillin staining marks the rachis / core in the pachytene region of the germline. In the proximal germline, connections / windows between the oocytes and the rachis can be visualized. These connections feed the growing oocytes. (b) mpk-1(ga117) mutant germlines dissected and stained for Anillin, reveal complete loss of an internal rachis in the medial and proximal germline. (c) nos-3(oz231);mpk-1(ga117) double mutant germlines dissected and stained for Anillin, show a partial restoration of the connections between the oogenic germ cells and a rachis. (a), (c) The insets show, in a greater detail, the connections / windows (arrows) that are formed. We also tested whether there might be redundancy with two additional Nanos genes, nos-1 and nos-2. However, the nos-1(gv5)nos-2(ok230)nos-3(oz231);mpk-1(ga117) quadruple null mutant displayed the same phenotype as the nos-3(oz231);mpk-1(ga117) mutant indicating that incomplete restoration of the plasma membranes is not due to redundancy among Nanos paralogs (data not shown). In nos-3(oz231); mpk-1(ga117), nuclear TRA-1 is not detected, as is observed in nos-3(oz231) alone ( Figure 6 ). This is consistent with the nuclear TRA-1 observed through out the germline in mpk-1(ga117) (Figure 6 ) being a consequence of NOS-3 being continuously active in translational repression of fem-3 mRNA. wild-type C. elegans. dpMPK-1 is activated from mid-pachytene proximally, as previously reported (Miller et al. 2004 ). Nuclear TRA-1 is observed from the distal tip to mid-pachytene (inset a', arrow)
while it is not detected in proximal pachytene where dpMPK-1 is observed (inset a", arrowhead). C. briggsae AF16 adult animals were injected with mpk-1 dsRNA (1mg/ml) and phenotypes scored in the progeny. Germline phenotypes were scored in dissected gonads 24 hrs after L4, at 20 o , followed by visualization of chromosome morphology with DAPI staining and membranes with anti-SYN-4 and anti-PTC-1 staining. Usually only a subset of phenotypes are observed in a given gonad arm. The frequency of partial lf phenotypes varied significantly between the three experiments.
SUPPLEMENTAL EXPERIMENTAL PROCEDURES Strains
Standard procedures for culture and genetic manipulation of C. elegans strains were followed, with growth at 20°C (Sulston and Hodgkin 1988) . The following mutations were used: LGI: rrf-1(pk1417), fog-1(q241); LGII: nos-3(oz231); LGIII: mpk-1(ga117); LGIV: fem-3(e1996); fem-1(e1991). 
Antibodies and reagents

Generation and analysis of NOS-3 transgenic constructs
The FLAG::NOS-3 construct contains 1.6 kb upstream and 1.9 kb downstream of the nos-3 gene with FLAG inserted immediately before the translational start. nos-3 sequences were amplified from Bristol N2 genomic DNA and inserted into the pMM016 vector containing the transformation marker unc-
119(+).
Mutations of the nos-3 coding region, including the S644A/T648A and the S644E/T648E were generated with sewing PCR as described earlier (Lee and Schedl, 2001 ). All constructs were sequenced verified. To create low-copy-number-integrated transgenic lines, the microparticle bombardment method was used (Schumacher et al. 2005) . The expression of each integrated transgene was then assessed in the nos-3(0) background by anti-FLAG western blot analysis. Each of the NOS-3 transgenes were obtained by biolistic transformations of nos-3(oz231);unc-119(ed3) double mutant worms. Each of the transgenes was initially assayed for rescue of the Unc phenotype. Worms that moved like 'wild-type' were then screened to assess whether the transgene was stably integrated. Prior to analysis of nos-3 dependent germline phenotypes, the transgenes were assessed for expression of FLAG::NOS-3 via western blot analysis of 100 worms each, probed with anti-FLAG antibody (Sigma, MO). Integrated transgenic lines were also generated with wild-type NOS-3 tagged with GFP at either the N-terminus or the C-terminus, however they did not rescue nos-3(0).
RNA interference of C. elegans tra-1 and C. briggsae mpk-1 A C. briggsae double stranded cDNA pool was generated from the AF16 strain. From this, a Cb-mpk-1
RNAi clone for C. briggsae was generated by PCR amplifying 1 kb exonic region using primer pair:
forward, 5' tgaggaggtgcacggacagcttttcgagg 3' and reverse 5'cattccgtgcctgctcagccatc 3'. The PCR amplicon was then cloned into TOPO Dual promoter vector with T7 and SP6 transcription promoters, and sequence verified. The vector was linearized and forward and reverse transcription reactions performed with T7 and SP6 polymerases respectively (NEB). The single stranded RNAs were combined, annealed, and precipitated for injection at a concentration of 1mg/ml into gravid adult C. briggsae hermaphrodites. The progeny were scored for oogenesis phenotypes. The C. elegans tra-1
RNAi clone was generated with primer pair; forward 5' taccattaatggaaaacgtgtcgg 3', and reverse 5'cagcaggctctgcgcgccgagcag 3' from a C. elegans N2 double stranded cDNA pool. The fragment was cloned and RNA generated as described above. dsRNA was then injected into rrf ::gfp animals, gonads from progeny of the appropriate genotype (Table 1) were dissected, stained for TRA-1 and the membrane organization phenotype scored.
20
TRA-1 binding sites
To identify MPK-1 responsive genes regulated by TRA-1, the 5' and 3' intergenic sequences from all MPK-1 targets (Leacock and Reinke 2006; Arur et al. 2009 ) were obtained from Wormbase (WS210).
After removal of null and new line characters, egrep was used to search sequences for potential TRA-1 consensus binding sites (Zarkower and Hodgkin 1993; Conradt and Horvitz 1999) . In addition, the core TRA-1 binding site from Conradt and Horvitz, 1999 was also used as a less stringent criteria to identify targets with potential TRA-1 binding sites.
Phospho-and non-phospho-NOS-3 antibody generation and purification
To generate pNOS-3 antibodies, the phospho-peptide (Figure 3b ) was synthesized and HPLC fractionated to >95% purity (Biomolecules MidWest,Waterloo Il.), as described earlier ). Affinity purification of the phospho-epitope specific antibodies was conducted as described in Arur et al., 2009 . To confirm that the species detected on whole worm western blots corresponds to the phospho-substrate, but not the non-phospho-substrate, a western blot containing 5ng of the nonphosphorylated peptide or the phosphorylated peptide, each separately coupled to activated BSA, was probed with the phospho-specific antibody at 1:5000 dilution. We found that the affinity purified pNOS-3 antibodies did not cross react with the non-phosphorylated peptide; this was further confirmed using dot blots, with each dot containing a 100 ng peptide. The non-phosphorylated antibodies were purified from the non-phosphorylated peptide column (manuscript in preparation), and tested, as above, against the non-phosphorylated peptide. -type, nos-3(oz231), fem-3(1996) L4 hermaphrodites were hand-picked (100 for each lane), grown for 24 hours and then harvested for western analysis as previously described (Jones et al. 1996) . The mpk-1(ga117) homozygotes, balanced by qC1 [qIs26] , were obtained from multiple 10cm NGM plates. supernatant was depleted of GST antibodies with a GST-bound Affigel 15 column, and TRA-1 antibodies were subsequently affinity purified from the depleted sera over a GST-TRA-1 Affigel 15 column, eluted with 100mM glycine-HCl pH 2.5 and neutralized with 1:10 volume of 2M Tris base pH 8. Specificity of the purified antibody was confirmed by western blot and immunofluorescence of wildtype and tra-1(e1834) animals (data not shown).
Western blot analysis of antibody reagents
Wild
NOS-3 protein production
pTrcHis, and pT7 Flag bacterial Expression Vectors were used for making the 6X His, and FLAG recombinant proteins, respectively. NOS-3 was tagged on the N-terminal side. All clones were verified by sequencing for orientation and sequence integrity. Proteins were expressed using BL21(DE3) (Sigma, MO) cells, at 20 o C using 1mM isopropyl β-D-1-thiogalactopyranoside (dioxane free) for 16 hours.
Proteins were then purified using Ni-NTA agarose or glutathione sepharose (Frangioni and Neel, 1993) .
To estimate the amount of purified protein we conducted BCA based protein assays as well as ran 10% SDS PAGE, with BSA dilution series standards, and compared the intensity of bands on a coomassie stained gel. Single point mutations were generated as described earlier Schedl, 2001, Arur et al., 2009 ).
fem-3 3' UTR production
Primer 5' tatcaattgttataatgatt, 3' and 5'cgatattatctataccttt 3' were used to amplify the fem-3 3' UTR from C. elegans cDNA generated as described earlier (Lee and Schedl 2001; Lee and Schedl 2004) . The 265bp band obtained was then subcloned into the TOPO Dual promoter vector. The construct was then sequence verified for integrity and linearized. Transcription reactions were performed with SP6 polymerase (Ambion).
